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1
POWER CONTROL UNIT

RELATED APPLICATIONS

This application claims the benefit of priority of U.S. Pro-
visional Application Ser. No. 61/418,340, filed on Nov. 30,
2010.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to lighting power control systems,
more particularly to LED based lighting power control, and
the control units for such systems.

2. Description of the Related Art

Display units, such as shelving units, refrigeration units,
and freezer units, are commonly used in retail applications to
display merchandise. To enhance the visibility of merchan-
dise within these units, different types of lighting are incor-
porated. Various types of lighting systems are used with dif-
ferent light sources such as incandescent bulbs or fluorescent
tubes. One of the problems associated with the conventional
lighting units and systems is that their light sources can expe-
rience relatively short lifespans and they can have relatively
low electrical efficiency. Incandescent bulbs and fluorescent
tubes have a relatively short lifespan, particularly when com-
pared to other light sources such as typical light emitting
diodes. Also, heat produced by fluorescent lights inside
cooled areas or display cases which are refrigerated place an
additional load on the cooling or refrigeration systems. These
light sources are also electrically inefficient and providing
sufficient lighting, especially in large lighting applications,
requires the consumption of significant energy. For example,
a standard fluorescent tube 60 inches in length consumes as
much as 60 to 70 watts, and conventional display units can
utilize many of these tubes.

Alternative light sources have also been used in display
units, including light emitting diodes. However, many of
these designs result in only minimal energy saving, and often
produce non-uniform lighting, secondary spotting or “glare”
effects. Furthermore, the power supplies and power units
associated with these systems do not allow for adjustable
control of power consumption. That is, these conventional
systems do not have a mechanism to allow power consump-
tion to be adjusted based on current ambient conditions and
light source applications.

SUMMARY OF THE INVENTION

The invention disclosed herein provides various embodi-
ments of power control units for use with lighting systems.
The different embodiments comprise various arrangements
providing adjustable levels of power consumption and light
output.

The invention, as embodied and broadly described herein,
provides a power control unit particularly adapted for use
with a lighting system to provide adjustable levels of pulse
width modulated or serial binary signal controlled power
output. One embodiment of the invention is directed to a
power control unit for use with lighting systems, according to
the present invention, and comprises a housing holding inter-
nal electronic components. The housing further comprises
input and output wiring extending out of the housing and
internally connected to the electronic components. The elec-
tronic components further comprise circuitry capable of pro-
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2

viding at least 2 levels of a controlled output power signal,
such as but not limited to a pulse width modulated signal or a
serial binary signal.

In another embodiment, the invention comprises lighting
systems using the power control unit. One embodiment of a
lighting system with adjustable power consumption accord-
ing to the present invention comprises at least one light emit-
ting unit, a power supply, and a power control unit capable of
providing at least 2 levels of a controlled output power signal,
such as but not limited to a pulse width modulated signal or a
serial binary signal.

These and other further features and advantages of the
invention will be apparent to those skilled in the art from the
following detailed description, taken together with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1a is a perspective view of one embodiment of a
power control unit according to the invention.

FIG. 15 is a perspective view of the power control unit
shown in FIG. 1a.

FIG. 2a is a perspective view of another embodiment of a
power control unit according to the invention.

FIG. 25 is another perspective view of the power control
unit shown in FIG. 2a.

FIG. 2c¢ is a perspective view of the power control unit in
FIG. 2a where portions of the embodiment have reduced
opacity to show other elements.

FIG. 2d is a perspective view of the power control unit in
FIG. 2a where portions of the embodiment have reduced
opacity to show other elements.

FIG. 3 isablock diagram of the circuitry of a power control
unit according to an embodiment of the invention.

FIG. 4 is a schematic of a power control unit according to
an embodiment of the invention.

FIG. 5 isablock diagram of the circuitry of a power control
and dimmer unit according to an embodiment of the inven-
tion.

FIG. 6 is a schematic of a power control and dimmer unit
according to an embodiment of the invention.

FIG. 7 is a perspective view of a lighting system having a
power control unit according to an embodiment of the inven-
tion.

DETAILED DESCRIPTION OF THE INVENTION

Embodiments of the invention disclosed herein provide a
lighting system power control unit that can be used in many
different lighting applications such as, but not limited to,
display case lighting and refrigeration unit lighting.
Examples of such lighting systems can be seen in U.S. patent
application Ser. No. 13/049,766, to Quaal et al, entitled “Dis-
play Case Lighting,” and incorporated herein by reference in
its entirety. The power control units according to the present
invention can be arranged in many different ways with many
different components, and are generally arranged to control
the power consumption and light intensity of lighting systems
during different conditions.

Some embodiments of a power control unit according to
the present invention can be used with display units, such as
those used in retail sales applications. As further described
below, the power control units can be arranged to allow the
user to change the intensity of light emitted by the light
sources in the display, such that the different emission inten-
sities in the range of maximum power setting for maximum
product illumination, to energy saving power setting with
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lower light output but adequate product illumination. The
different embodiments can also have different settings
between these two, or could have even lower power settings,
such as off when the retail location is closed or when no
customers are present. This arrangement allows for the dis-
play units light output to be customized to the particular retail
environment at different times. For example, the power con-
trol units in the lighting systems for the display units can be
set to produce maximum light output at times when the most
customers are present. At slower times, and to reduce power
consumption, the power control units can be set to produce a
lower level of light output.

The power control units can be used with many different
lighting systems having different light sources, with some
embodiments being described with reference to lighting sys-
tems utilizing light emitting diodes as their light source. The
different modes for the power control units can also be
changed using many different mechanisms such as local
mechanical switches at each power control unit, a master
mechanical switch to control a plurality of power control
units, electrical switches either local or master, or wirelessly
controlled switching. The power control units according to
the present invention can control the intensity of the light
emitted by the light sources in many different ways, including
but not limited to, by varying a pulse width modulated signal
or serial binary signal sent to the light sources.

The invention is described herein with reference to certain
embodiments but it is understood that the invention can be
embodied in many different forms and should not be con-
strued as limited to the embodiments set forth herein. In
particular, the invention is described with reference to certain
embodiments where the lighting power control unit includes
two mechanical switches to control the power level and emis-
sion intensity of the light sources, but in other embodiments
the power control unit can utilize other numbers of switches.
In these embodiments, the power control unit can have dif-
ferent variations of power settings. Further, as mentioned
above many different mechanisms and arrangements can be
used to allow for different power settings to be chosen by use
of the power control unit. In addition the lighting power
control units may be constructed and sealed using a variety of
materials. The sealing of the power control units allow for
reliable operation in harsh environments such as cold or
freezing conditions.

The different embodiment of the present invention can also
be used in different types of lighting units used in different
applications beyond display units. Some of these include
refrigeration lighting, architectural lighting, room lighting
and channel letter lighting, and although the invention is
described herein with reference to light emitting diodes (LED
or LEDs) other light sources can be used. Also, though the
invention is described as power control units with switching
mechanisms described above, different embodiments can
also be used with many other devices or modules such as,
occupancy sensors and dimming control modules. The occu-
pancy sensors can be arranged to sense when a customer is
present and can cause the power control unit to increase the
emission intensity of the light sources to better display prod-
ucts. When the customer is not present, the power control unit
can decrease the lighting intensity of the light sources to save
power. Dimming control units can also be included with the
power control unit to provide further control over the light
source emission intensity.

It is to be understood that when an element or component is
referred to as being “on” another element, it can be directly on
the other element or intervening elements may also be
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“upper”, “above”, “lower”, and “below”, and similar terms,
may be used herein to describe a relationship of one item to
another. It is understood that these terms are intended to
encompass different orientations of the device in addition to
the orientation depicted in the figures.

Although the terms first, second, etc. may be used herein to
describe various elements and/or components, these elements
and/or components should not be limited by these terms.
These terms are only used to distinguish one element or
component from another. Thus, a first element or component
discussed below could be termed a second element or com-
ponent without departing from the teachings of the present
invention.

Embodiments of the invention are described herein with
reference to illustrations that are schematic illustrations of
embodiments of the invention. As such, the actual thickness
of the elements and features can be different, and variations
from the shapes of the illustrations as a result, for example, of
manufacturing techniques and/or tolerances are expected.
Embodiments of the invention should not be construed as
limited to the particular shapes of the elements illustrated
herein but are to include deviations in shapes that result, for
example, from manufacturing. An element illustrated or
described as square or rectangular will typically have rounded
or curved features due to normal manufacturing tolerances.
Thus, the elements illustrated in the figures are schematic in
nature and their shapes are not intended to illustrate the pre-
cise shape of a feature of a device and are not intended to limit
the scope of the invention.

With reference to FIGS. 1a and 15, an exemplary lighting
power control unit 100 is shown. In some embodiments the
lighting power control unit 100 can be connected to and used
in conjunction with a power supply unit 130. Many different
types of power supply unit 130 can be used with the power
control unit 100 such as a 24 VDC/100 W power supply, but
it is understood that it can be any power supply. In some
embodiments the power control unit 100 can be enclosed on
all sides and can includes a number of switches. In some
embodiments the lighting power control unit 100 can com-
prise an over molded printed circuit board assembly (PCBA)
with two exposed switches 110, 120. In some embodiments
these switches can comprise a Dual In-Line Position (DIP)
switch, but can be any other type of suitable switch or any
number of switches. In embodiments with two switches 110,
120, the two switches can be arranged to dictate four difterent
power settings, although they can be arranged for fewer
power settings. In other embodiments, other combinations of
switches can create different numbers of power settings. Each
of the two switches 110, 120 has an on and off setting, and
manipulating these settings provides the four different power
settings.

One example of the use of these switches to provide four
different power settings is as follows: switch 1 110 in the on
position and switch 2 120 in the on position, providing 96%
power transmission from the power supply to the connected
lighting system; switch 1 110 in the off position and switch 2
120 in the on position, providing 80% power transmission
from the power supply to the connected lighting system;
switch 1 110 in the on position and switch 2 120 in the off
position, providing 60% power transmission from the power
supply to the connected lighting system; and lastly, switch 1
110 in the off position and switch 2 120 in the off position,
providing 0% power transmission from the power supply to
the connected lighting system. In other embodiments the
combinations of switches and outputs determined by these
combinations may be adjusted based on desired output levels.
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The power control unit 100 can provide the output power
transmission level by using a pulse width modulation signal
or a serial binary signal.

The different power setting can correspond to different
lighting intensity based on the conditions at the retail loca-
tion. As mentioned above, the maximum power setting (e.g.
96% emission intensity) can correspond to the maximum
power setting for premium product illumination. The next
lower intensity setting (e.g. 80% emission intensity) can be
for standard product illumination. The next lower intensity
setting (e.g. 60% emission intensity) can be for an energy
saving power setting which can provide still adequate product
illumination. Finally, the lowest intensity setting (e.g. 0%
emission intensity) can be for turning the lighting off when no
customers are present or when the retail location is closed.
The power control units can be used with occupancy sensors
to automatically switch between the lowest intensity setting
and any of the other intensity settings when customers are
present.

Embodiments of the present invention provide adjustable
power levels for lighting units that allow the user to easily
adjust the emission intensity and power consumption of their
lighting systems. FIGS. 3 and 4 show a block diagram and the
discrete components, respectively, of one embodiment of a
power control unit according to the present invention.
Another advantage of the power control units according to the
present invention is that the component counts, or number of
discrete components, of the power control unit 100 can be
relatively small. The power control unit 100 can be arranged
with many components interconnected in many different
ways, but in the embodiment shown is capable of operating
with a same component part by using an analog circuit incor-
porating the use of a quad operational amplifier. The power
control unit circuit can be made up of at least a low or und-
ervoltage lockout circuit 300, a current limit circuit 310, and
a power controller setting circuit 320. As best shown in FIG.
3, the power control unit 100 can utilize inputs from, a power
switch 360, a pulse width modulation (PWM) or serial binary
signal controller 330, a current limit circuit 310, a low or
undervoltage lockout circuit 300, and a power settings circuit
320 to determine which output level the power control unit
100 will output.

The pulse width modulation or serial binary signal control-
ler 330 is used to vary the total amount of power to a load; the
average value of voltage and current to the load is controlled
by the duty cycle which is the proportion of “on time” or
“high” to the regular interval or period. In the case of a pulse
width modulated signal, this is a portion of the cycle that
remains high through the duty cycle. For serial binary signal,
this is the total amount of time that the cycle is high based on
the accumulation of the number of serial binary signals in the
duty cycle. The duty cycle output is set by means of a refer-
ence voltage input. The power setting circuit 320 controls the
maximum duty cycle or power output allowed; the actual
settings are switch selectable via switch 1 110 and switch 2
120 and the range of settings can be adjusted per application.
The current limit circuit 310 monitors the output load current
via the sense resistor 332; the maximum load current allowed
is set by a reference voltage which corresponds to a predeter-
mined current limit threshold. Once the current limit thresh-
old is exceeded, a feedback signal then limits the duty cycle
output from the PWM controller or serial binary signal con-
troller 330 which then limits the output load current to the
maximum allowed setting. The low voltage lockout circuit
300 prevents controller operation when the input voltage is
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not in a safe operating threshold; a minimum input voltage is
required for safe operation. This circuit is also known as an
under voltage lockout circuit.

In embodiments which incorporate the use of a serial
binary signal to control the output power transmission level,
each switch can produce a binary coded decimal (BCD) out-
put that is coupled to an input of the serial binary signal
controller 330. Based on a BCD input received by the serial
binary signal controller 330, an LED control signal compris-
ing a series of binary signals is generated corresponding to the
desired intensity.

The current through the LED is controlled using transis-
tors. An output of the serial binary signal controller 330 is
coupled to the base of each of LED(s) (not shown) and the
serial binary signal controller 330 sends a serial binary signal
to each of the transistors. Each serial binary signal comprises
a series of bit words having high pulses, with each of the
pulses having substantially the same width. Many different
word lengths can be used, with a suitable length being 8-bit,
16-bit, 32-bit, etc. The serial binary signals can be of different
lengths with different pulse widths to provide different light
intensity outputs.

A high on the serial binary signal at the base of one of the
transistor turns on the transistor and creates a ground path for
its respective one of the LED(s). This allows current to flow
through the LED such that the LED emits light. During a
digital low on the serial binary signal, the particular one ofthe
transistors is not on and current does not flow through its one
of'the LED(s).

FIGS. 2a through 24 show another embodiment of the
power control unit 105 shown from different angles. For the
same or similar elements for features, the same reference
numbers will be used from FIGS. 1a and 15. Each power
control unit 105 can comprise a printed circuit board (PCB)
200 mounted within a power control unit housing 220. The
housing can comprise an overmolded portion 210 that the
PCB 200 can be mounted within, as shown in FIGS. 2¢ and
2d. The overmolded portion 210 can be made of many con-
ductive, semi-conductive and non-conductive materials. In an
embodiment, the portion 210 can be made of plastic and can
be made using many known processes such as by extrusion or
injection molding.

The PCB 200 has components mounted or connected to the
PCB. Many different connection methods can be used, with
one suitable method being soldering. The PCB 200 can also
comprise conductive traces to conduct electrical signals from
these components. Additionally, conductive cabling 140 is
electrically connected to the PCB 200. This cabling 140 runs
outside of the power control unit 105, connecting it on the
input side 150 to the power supply 130 and an output connec-
tion side 160 to the lighting system or other in-line devices
between the power control unit 105 and the lighting system.
In other embodiments the power control units can comprise
more or less components that can be mounted in many dif-
ferent locations.

The PCB 200 can be any conventional type made from any
conventional material, such as but not limited to a metal core
type PCB. Different types of metal core boards can be used
such as an aluminum core board. By being a metal core, heat
from the components conducts into the PCB 200 so that the
PCB 200 helps draw away heat from the components. The
PCB 200 then provides a larger surface that allows the heat to
dissipate into the surrounding ambient. This can help keep the
power control unit cooler, which can allow them to operate
under a higher current.

Power control units according to the present invention can
also comprise other elements, with one embodiment compris-
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ing constant current devices that can be mounted on the PCB
using conventional methods. This allows each of the units to
have substantially the same current driving its light elements
so that each of lighting unit emits substantially the same
amount of light. Without a constant current device, the system
can experience light loss as the power signal passes down the
conductive cabling 140 through each of the units. This can
ultimately result in a lighting unit exhibiting different bright-
ness. By driving each of the light elements in each of the units
with the same current, the light elements along the conductor
will have the same brightness. Many different constant cur-
rent devices can be used, with a suitable device being an
LM317M 3-Terminal Adjustable Regulator provided by
Texas Instruments, National Semiconductor, and Fairchild
Semiconductor.

During fabrication of some power supply units according
to the present invention, a PCB 200 can be held in place by an
injection mold tool (not shown). Next a low pressure over-
molding system is used and the area surrounding the PCB 200
is filled with a sealant, which bonds to the PCB, and any other
component the sealant contacts. In some embodiments, this
sealant or overmold may be a thermoplastic hotmelt. One
suitable thermoplastic hotmelt is Macromelt© manufactured
by Henkel AG & Co, another is Thermelt 869W.

In other embodiments a high pressure overmolding or an
overmolding with a plastic housing could be utilized, but a
low pressure overmolding system utilizing a thermoplastic
hotmelt can also be used since other systems can damage the
PCB and related components during application of the mold-
ing or housing.

Each power control units 100 and 105 described above can
be mounted by many different methods such as but not limited
to glue, clamp, bolt, weld, etc. Power control unit 100 can be
provided with double sided tape on its bottom surface 170 for
mounting. Many different double sided tapes can be used,
such as commercially available double sided foam tape pro-
vided by 3M Corporation. The power control units 100 and
105 can also be provided with an alternative mounting
method that can be used alone or in conjunction with the
double sided tape. The overmolded portion 210 can include a
mounting hole (not shown) through which a screw, nail or
rivet can pass to mount the overmolded portion 210. The PCB
200 can also comprise a PCB mounting hole (not shown) in
alignment with the housing mounting hole. Overmolding
material is applied in a manner which does not fill the mount-
ing hole so that the mounting hole extends through the power
control unit. In one embodiment according to the invention, a
screw can pass through the PCB mounting hole and into the
overmolding mounting hole. A screwdriver can then pass
through the PCB mounting hole to turn the screw into the
mounting area, through the overmolding mounting hole.

As mentioned above, the power control units according to
the present invention can be used in conjunction with many
different devices beyond those described above, including but
not limited to occupancy sensors and/or dimmers. FIGS. 5
and 6 show another embodiment of the present invention with
dimmer functionality that allows the power control unit to
dim the output of the light sources. For example, when the
power control unit is set to a 96% output the additional dim-
mer functionality would allow the output to then be dimmed
to lower percentage levels of the 96% output, such as 50%,
25% or 12% of the 96% output. These dimmer output reduc-
tion values may be adjusted. As shown in FIG. 5, embodi-
ments also including dimmer functionality can further require
a dimmer setting circuit 340 and sensor signal 350. An exem-
plary embodiment of the dimmer setting circuit 340 is shown
in FIG. 6, however other circuitry may be used in place of the
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one shown. The dimmer setting circuit 340 functions such
that when an open or low input signal from a sensor or other
device is received, the dimmer setting circuit 340 will lower
the output duty cycle to a selectable percentage of the power
setting. The dim mode percentage is selectable via DIP
switches switch 3 and switch 4 and the settings can be
adjusted per application. When a high sensor signal 350 is
received by the dimmer setting circuit 340 the output duty
cycle will increase and return to the selected power setting.

In some embodiments, the device that provides the sensor
signal 350 to the dimmer setting circuit 340 can be an occu-
pancy sensor that could be configured to detect the presence
of customers in a retail environment so as to efficiently con-
trol light intensity and/or power consumption. In yet other
embodiments, the device that provides the sensor signal 350
to the dimmer setting circuit 340 can be a remote device to
manually adjust the light intensity and/or power consumption
from a remote location.

FIG. 7 shows one embodiment of a lighting system 400
having a power control unit according to an embodiment of
the invention. The lighting system 400 comprises a display
unit 401 comprising a display area 403 and one or more light
sources 402 to illuminate the display area 403. The lighting
system 400 further comprises a power control unit 404
according to the present invention electrically connected to
the display unit 401 to control the intensity of the light emitted
by the one or more light sources 402, and a power supply 405
electrically connected to the power control unit 404. The
lighting system 400 arrangement allows for the display unit
401 light output to be customized to any particular retail
environment at different times.

Although the present invention has been described in con-
siderable detail with reference to certain configurations
thereof, other versions are possible. Power control units
according to the invention can be used for many different
applications beyond LED lighting systems. The power con-
trol unit can be many different sizes, can be in different types
othousings, and can be used in many different configurations.
The PCB can have different numbers of electronic compo-
nents and can have different electronic components arranged
in different ways. Therefore, the spirit and scope of the inven-
tion and should not be limited to the embodiments described
above.

We claim:

1. A power control unit, comprising:

a housing holding internal electronic components;

input and output wiring extending out of said housing and

internally connected to said electronic components;

said electronic components further comprising circuitry
capable of providing an adjustable output power signal
in response to environmental conditions; and

at least one switch configured to cooperate with said elec-

tronic components to control a power level of said output

power signal, wherein said at least one switch is exposed
from said housing;

said circuitry comprising:

a controller which receives at least one input signal and
produces said output power signal;

a low voltage lockout circuit configured to monitor an
input voltage of said power control unit and prevent
operation of said controller if said input voltage is
below a predetermined threshold;

a current limit circuit configured to monitor an output
load current, said current limit circuit configured to
provide a feedback signal to said controller to main-
tain said output load current below a predetermined
current limit threshold; and
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a power controller setting circuit configured to control
said power level of said output power signal, wherein
said at least one switch cooperates with said power
controller setting circuit to provide a range of power
levels selectable by said at least one switch.

2. The power control unit of claim 1 wherein said output
power signal comprises a pulse width modulated signal.

3. The power control unit of claim 1 wherein said output
power signal comprises a serial binary signal.

4. The power control unit of claim 1 wherein said power
controller setting circuit is capable of providing at least 2
power levels of said output power signal.

5. The power control unit of claim 4 wherein said power
levels of said output power signal are adjustable.

6. The power control unit of claim 1 wherein said power
controller setting circuit is capable of providing at least 4
power levels of said output power signal.

7. The power control unit of claim 6 wherein said at least 4
power levels of power output are 96%, 80%, 60% and 0%.

8. The power control unit of claim 1 wherein said at least
one switch comprises at least 2 switches which determine
output level.

9. The power control unit of claim 1 further comprising a
power supply connected to an input of said power control
unit.

10. The power control unit of claim 1 further comprising a
dimmer control circuitry adapted to reduce said power level
of said output power signal.
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11. The power control unit of claim 10 wherein said at least
one switch cooperates with said dimmer control circuitry to
control said power level of said output power signal.

12. The power control unit of claim 10 said dimmer control
circuitry configured to receive a sensor signal, wherein said
dimmer control circuitry controls said power level of said
output power signal in response to said sensor signal.

13. The power control unit of claim 12 further comprising
a sensor adapted to provide said sensor signal to said dimmer
control circuitry.

14. The power control unit of claim 13 wherein said sensor
comprises an occupancy sensor.

15. The power control unit of claim 1 wherein said power
control unit is connected in line with other modules.

16. The power control unit of claim 15 wherein said other
modules comprise at least an occupancy sensor.

17. The power control unit of claim 1 wherein said elec-
tronic components are on a printed circuit board (PCB).

18. The power control unit of claim 17 wherein said hous-
ing further comprises an overmolded portion.

19. The power control unit of claim 18 wherein said PCB is
mounted within said overmolded portion.

20. The power control unit of claim 19 wherein an area
surrounding the PCB is filled with a sealant.

21. The power control unit of claim 20 wherein said sealant
is a thermoplastic hotmelt.
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